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SUMMARY
I n  t h i s  t hes i s  ca rbon -13  NMR spec t roscopy  and  pho toe lec t ron  spec t roscopy
have  been  used  to  s tudy  the  e lec t ron i c  s t ruc tu re  o f  t he  symmet r i c  d i t h i eno -
th iophenes  r -e  and  the  co r respond ing  su lphones  < -o  ( see  i n t roduc t i on  f o r  t he
fo rmu la ) .  The  phys i ca l  da ta  ob ta ined  f rom bo th  spec t roscop i c  t echn iques  have
b e e n  i n t e r p r e t e d  w i t h  t h e  a i d  o f  q u a n t u m  e c h a n i c a l  c a l c u l a t i o n s .
I n  chap te r  2  we  came to  t he  conc lus ion  tha t  t he  ca rbon -13  che rn i ca l  sh i f t
i n  t he  compounds  1 -6  canno t  be  exp la ined  by  an  add i t i ve  re la t i onsh ip  o f  sev -
e ra l  e f f ec t s .  The  i n f l uence  o f  a  s t ra in  e f f ec t  upon  the  chemica l  sh i f t s  i s
f o u n d  t o  b e  s m a l l .  T h e  c o n s t a n t  d i f f e r e n c e  j n  t h e  v a l u e  o f  t h e  o n e - b o n d ' J r n
coup l i ng  cons tan t  be tween  the  Co  and  CU a toms  i n  t h i ophene  sys tems  can  be  a t -
t r i bu ted  to  a  d i f f e rence  i n  cha rge  dens i t y  o f  t he  ca rbon  2s  o rb i t a l s .
I n  c h a p t e r  3  m e t h o d s  a r e  d i s c u s s e d  t o  n r e a s u r e  t h e  s p i n - l a t t i c e  r e l a x a t i o n
t ime  T ,  and  the  nuc lea r  Ove rhause r  e f f ec t  (NOE) .  F rom these  two  quan t i t i es  t heI n n
d i p o l e - d i p o l e  r e l a x a t i o n  t i m e  ( T , " " )  i s  c a l c u l a t e d  a n d  u s e d  t o  d e s c r i b e  t h e
r e o r i e n t a t i o n a l  m o t i o n  o f  t - a  a n d  o  i n  s o l u t i o n .  F r o m  t h e  m o m e n t  o f  i n e r t i a
tenso r ' i t  i s  conc luded  tha t  1 -s  can  be  app rox ima te l y  desc r i bed  as  symmet r i c
ro to rs .  As  i n  1 -3  two  CH vec to rs  w i t h  d i f f e ren t  o r i en ta t i on  t o  t he  ro ta t i on
a x i s  a r c  n r c q c n t .  t h p  r ^ n m n n n e n t s  f  t h p  r o t a t i o n  d i f f u s i o n  t e n s o r  D , ,  a n d  D ,
" ' " " " '  " / /  - " "  " l
c a n  b e  c a l c u l a t e d .
The  reo r i en ta t i ona l  mo t i on  o f  a  me thy l  g roup  has  a l so  been  ca l cu la ted
nn
f ron r  T , " "  va lues  and  re la ted  to  i t s  ro ta t i on  ene rgy  ba rn ie r .  Fo r  me thy l  g ) ' oups
a t tached  to  b r i dged  b i cyc lobu tanes  i t  was  conc luded  tha t  t he  ene rgy  ba r r i e r s
a re  caused  by  i n te rac t i ons  w i th  t he  CC bonds  o f  t he  ske le ton ,  wh i ch  make
ang les  w i t h  t he  C -CH,  bond  o f  more  than  120" .
The  ro ta t i on  ene rgy  ba r r i e r s  f o r  me thy l  g roups  subs t i t u ted  to  t h i ophene
sys tems  were  ob ta ined  f ron r  sp in  ro ta t i on  re laxa t j on  t imes .  I n  t e t rame thy l t h i o -
phene  the  - "C  chemica l  sh i f t  o f  t he  me thy l  g roups  i s  ass igned  wr ' t h  T l  measu re -
m e n t s ,
I n  c h a p t e r  4  t h e  c h e m i c a l  s h i f t  a n i s o t r o p y  c o n t r i b u t i o n  ( f , C S A )  t o  T ,  i s
fu r the r  i nves t i ga ted .  Fo r  hyd rogen  bea r i ng  ca rbon  a toms  the  CSA con t r i bu t i on
to  T .  a t  a  f i e l d  H  =  2 .35  I  can  be  neg lec ted ,  wh i l e  f o r  qua r te rna ry  ca rbons1 0
i t  may  be  up  to  ?0 i , .  A t  h i gh  f i e i 6  (Ho  =  8 .46  T  )  t he  CSA con t r i bu t i on  t o  t he
T ,  f o r  qua r te rna ry  ca rbons  i s  don r i nan t  ( i n  ou r  sys tems  50 -80%)  and  fo r  CH ca r -
b o n s  i t  i s  u o  I o  2 0 % .
To  i nves t i ga te  t he  re la t i on  be tween  expe r i r nen ta l l y  ob ta ined  chemica l
sh i f t  an i so t rop ies  and  the  ca l cu la ted  va lues  so l i d  s ta te  NMR spec t ra  o f  z - ro
were  reco rded .  F rom th i s  s tudy  and  l i t e ra tu re  da ta  i t  was  conc lude ' J  t ha t  r e -
d u c e d  s h i f t  t e n s o r  e l e m e n t s  n e c e s s a r y  i n  t h e  c a l c u l a t j o n  o f  T , C S A  c o u l d  b e
o b t a i n e d  f r o m  C N D 0 / S  c a l c u l a t i o n s  i n  w h i c h  s i n g u l e t  e x c i t a t j o n  e n e r g i e s  s h o u l d
a c  A
be  used .  T , " ' ^  was  ca l cu la ted  w i th  t he  ro ta t i on  d i f f us ion  cons tan ts  t o  de -
L
sc r i be  t he  mo lecu la r  mo t i on  o f  t - a  and  6  as  i n  chap te r  3 .  The  asymmet ry  f ac to r
n  deno tes  t he  dev ia t i on  be tween  the  ax i s  sys tem o f  t he  chemica l  sh i f t  t enso r
a n d  t h e  m o l e c u l a r  a x i s  s y s t e m .  I t  w a s  n e c e s s a r y  t o  i n c l u d e  n  i n  t h e  c a l c u l a -
t i o n  o f  T , c S A . T a k i n g  i n t o  a c c o u n t  h a t  t h e  e x p e r i m e n t a l  e r r o r  i n  t h e  T . C S A
I  J  " ' " ' , "  1
va lues  i s  t  10% a  reasonab le  co r re la t i on  was  found  be tween  ca l cu la ted  an  ob -
s e r v e d  d i f f e r e n c e s  i n  1 / I , C S A  u u l u e s  a t  m a g n e t i c  f i e l d s  o f  2 . 3 5  T  a n d  8 . 4 6  T .
i n  chap te r  5  an  exce l l en t  ag reemen t  was  ob ta ined  fo r  compounos  1 -3  De -
t w e e n  t h e  i o n i z a t i o n  p o t e n t i a l s  o f  t h e  f i v e  h i g h e s t  o c c u p i e d  M O ' s  a n d  t h e
c o r r e s p o n d i n g  f i v e  M 0  e n e r g i e s  c a l c u l a t e d  w i t h  a  s l i g h t l y  m o d i f i e d  C N D 0 / S
method  (PsS1 /spd ) .  Howeve r ,  t he  pho toe lec t ron  spec t ra  o f  t he  su lphones  a -o
cou ld  no t  be  i n te rp re ted  w i th  t h i s  me thod .  The  ca l cu la t i ons  sugges t  t ha t  t he
obse rved_s igna l s  j n  t he  spec t rum were  the  resu l t  o f  ove r l ap  o f  seve ra l  bands .
F rom He"  spec t roscopy  comb ined  w j th  PSS1  ca l cu la t i ons  i t  was  conc luded  tha t
the  ene rgy  o f  n  M0 ' s  i s  ca l cu la ted  co r rec t l y  w ' i t h  PSS l ,  bu t  t he  ene rgy  o f
l o c a l i z e d  o r b i t a l s  l i k e  t h e  l o n e - p a i r  s u i p h u r  o r b i t a l  o r  t h e  n r O ^  o r b i t a l
i s  c a l c u l a t e d  t o o  h i g h  b y  a t . l  e a s t  - 1  e V .  '
I n  chap te r  6  t he  He l  spec t ra  o f  t he  d i t h i eny l  su lph ides  t r  and  r z  and
the  co r respond ing  su lphones  rg  and  14  were  i n te rp re ted .  The  b roaden ing  o f
s o m e  b a n d s  i n  t h e  p e  s p e c t r a  o f  r r  a n d  t z  c o u l d  d i r e c t l y  b e  r e l a t e d  t o  M 0 ' s
i n  w h i c h  t h e  c e n t r a l  s u l p h u r  a t o m  p a r t i c i p a t e s  i n  t h e  c o n j u g a t i o n .
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